Abstract: Background and Objective: The purpose of this study was to determine the lifestyle habits significantly associated with self-reported academic performance (AP) in children in grades 5 to 12 in Japan.
INTRODUCTION
According to Beebe et al. [1] , academic performance (AP) and sleep duration (SD) reveal a true cause and effect relationship. AP is also known to be affected by other lifestyle habits besides sleep, such as regular meal patterns, intake of healthy food items, and physical activity (PA) [2] . Dumuid et al. [3] reported that poor AP has been linked with unhealthy diet, shorter SD, longer screen time, and less PA. Interestingly, short SD is known to cause an increase in body mass index (BMI) [4] , which is also associated with basic daily habits of sleeping, eating, and PA [5] . In addition, among schoolchildren in Japan, skipping breakfast, physical inactivity, and late wake up are known to be significantly related to irregular bowel movements, and long TV viewing and late bed time have been reported to be significantly related to non-daily bowel movements [6] . Thus, self-reported AP is hypothesized to be associated with BMI and defecation habits, in addition to habits related to sleeping, screen time, breakfast intake, and PA.
The author of this article has frequently delivered lectures on sleep, and in cases of lectures for students, students were asked to complete in advance of the lecture a questionnaire on lifestyle habits, including *Address correspondence to this author at the Tokyo Bay Urayasu Ichikawa Medical Center, 3-4-32 Toudaijima, Urayasu 279-0001, Chiba, Japan; Tel: +81 47 351 3101; E-mail: j-kohyama@jadecom.or.jp sleep and self-reported AP, in order to deepen their understanding of sleep. As lifestyle habits are likely to be altered by means of variable social events or trends, the current study used data obtained over eight months between October 2016 and May 2017.
The purpose of this cross-sectional study was to assess the hypothesis that self-reported AP in children in grades 5 to 12 (ages ranging from 10 to 18 years old) in Japan is associated with daily habits of sleeping, screen time, eating, defecation, and PA, as well as BMI. This study was approved by the Committee for Medical Research Ethics of Tokyo Bay Urayasu Ichikawa Medical Center (no. 199). A part of this study has been submitted [7] .
MATERIALS AND METHOD
A questionnaire was delivered to each student by their school teachers between October 2016 and May 2017. A letter was also delivered assuring that their responses would be treated as anonymous and confidential and that it was voluntary to participate. Written consent signed by a parent and filled questionnaires were collected by school teachers on a different day and were sent to the author. Of the 2,704 questionnaires collected from 25 public schools (15 elementary schools (ES), 7 junior high schools (JHS) and 3 high schools (HS)), 2,114 agreed to participate in the study and had answered all the required questions. In these 25 schools studied, school start time ranged Although Beebe et al. [1] and Dumuid et al. [3] focused on SD among sleep elements in relation to AP, both long sleep and short sleep have been recognized as sleep disorders [8] . SD might be insufficient to represent sleep elements assessing relationships with AP. Thus, in the current questionnaire, bed time on weekdays (WdBT) and weekends (WeBT) (1. <8PM, 2. 8PM =<<9PM, 3. 9PM=<<10PM, 4. 10PM=<<11PM, 5. 11PM =<<0AM, 6. 0AM=<<1AM, 7. 1AM=<<2AM, 8. 2AM =<<3AM, 9. 3AM=<) and wake-up time (1. <5AM, 2. 5AM =<<6AM, 3. 6AM=<<7AM, 4. 7AM=<<8AM, 5. 8AM =<<9AM, 6. 9AM=<<10AM, 7. 10AM=<<11AM, 8. 11AM =<<0PM, 9. 0PM=<) on weekdays (WdAwT) and weekends (WeAwT) were also ascertained. Regarding bed time and wake-up time, representative times for each category were determined as follows: 7:30PM, 8:30PM, 9:30PM, 10:30PM, 11:30PM, 0:30AM, 1:30AM, and 2:30AM for bed time, and 4:30AM, 5:30AM, 6:30AM, 7:30AM, 8:30AM, 9:30AM, 10:30AM, 11:30AM, and 12:30PM for wake-up time, respectively. Sleep duration on weekdays (WdSD) and weekends (WeSD) and social jet lag (SJL; the difference of the mid-point time of sleep between weekend and weekday) [9] were calculated from these data. SJL was categorized into five groups according to their distribution: -1 or less (SJL 1), more than -1 and 0 or less (SJL 2), more than 0 and 1 or less (SJL 3), more than 1 and 2 or less (SJL 4), and more than 2 (SJL 5). For screen time, representative values for each category were determined as follows: 1 hour, 3 hours, 5 hours, 7 hours, and 9 hours, respectively.
In addition, since sleepiness during class is one of the most frequent complaints of schoolchildren at my sleep clinic [10] , in the present questionnaire, the frequency of students who felt sleepy during class (Sl: 1. never, 2. sometimes, 3. often, 4. always) was ascertained. The rate of poor self-reported AP (rated more than 2 on AP), poor breakfast takers (rated more than 2 on BF), constipation (rated 4 or more on DF, according to the standard criteria [11] ), sleepiness (rated more than 2 on Sl), poor (rated 0 on PA) and heavy (rated 7 on PA) PA, and heavy screen watchers (rated 3 or more on ScT) were also calculated. To determine the association among each factor obtained, a correlation matrix among all obtained factors was produced, in addition to correlation coefficients between grade and each factor.
The association between self-reported AP and other factors was assessed by means of multinomial logistic regression analysis. Since WdSD, WeSD, and SJL were obtained from WdBT, WeBT, WdAwT, and WeAwT, these three factors were not included in the explanatory variables. ANOVA was used to determine the differences between factors including self-reported AP and each SJL group. Student's t test was used to assess the significance of correlation coefficients, the difference of factors between SJL1 and SJL 3, and also between SJL 3 and SJL 5, respectively. A p value of <0.05 was considered statistically significant. These analyses were conducted by means of Bell Curve for Excel (SSRI).
RESULTS

Basic Data on each Factor
Averages and standard deviations of the main variables are shown in Tables 1 to 3.
Bed times were delayed significantly with grade progression ( Table 1) . Awake times on weekdays showed no significant grade-related changes, but those on the weekend delayed significantly with grade progression ( Table 1) . SDs were shortened significantly with grade progression ( Table 1) . The mean SJLs ranged from 0.6 (elementary school male [ESM]) to 1.0 (both junior high school and high school female (JHSF and HSF)), and were increased significantly with grade progression ( Table 1) .
Although BMI revealed significant grade-related elevation ( Table 2) Frequencies of students who felt sleepy during class increased significantly with grade progression, and more than 30% of high school students in the present analysis were found to feel sleepy during class ( Table 2) . Breakfast skippers comprised less than 5% in the present analysis, and grade-related increases were not found among male students ( Table 2) . A grade-related increase of constipation was found among female students, and its rates distributed from 8.6% (high school male [HSM]) to 29.5% (JHSF) ( Table  2) .
A grade-related increase of PA was found among male students ( Table 3) . Students who were not engaged in PA distributed from 16.6% (ESM) to 49.0% (HSF), and those involved in PA seven days a week Table 3) . It should be noted that the differences in averaged screen times between weekdays and weekends distributed from 1.0 hour (HSM) to 1.6 hours (JHSM and HSF) ( Table 3) . Selfreported AP values showed grade-related increases, indicating the grade-related increase of students with poor self-reported AP ( Table 3) . Table 4 shows the correlation matrix among the data obtained. 
Factors Associated with Self-Reported AP
Social Jet Lag
The numbers of students categorized into the five SJL groups were as follows: SJL 1, n=19; SJL 2, n=452; SJL 3, n=1082; SJL 4, n=459; SJL 5, n=102. The percentages of SJL1 and 5 in each grade/gender group were as follows: ESM (SJL 1, 0.7%; SJL5, 2.0%), ESF (SJL 1, 2.1%; SJL5, 5.6%), JHSM (SJL 1, 0.2%; SJL5, 3.3%), JHSF (SJL 1, 0.2%; SJL5, 3.4%), HSM (SJL 1, 1.1%; SJL5, 15.0%), HSF (SJL 1, 1.0%; SJL5, 7.1%). ANOVA revealed that all factors including self-reported AP were significantly different among SJL 1 to 5. The mean self-reported AP of SJL 3 was significantly lower (better) than that of both SJL 5 and SJL 1 (Figure 1) . For the other factors, in comparison with SJL 3 students, SJL 5 students were significantly higher in grade (p<0.001) and had a longer WeSD (p<0.001), a shorter WdSD (p<0.001), a longer WdScT (p<0.001) and WeScT (p<0.001), a later WdBT (p<0.001) and WeBT (p<0.001), a later WeAwT (p<0.001), more constipation (p<0.02), sleepiness (p<0.001), poorer breakfast intake (p<0.001), and a higher BMI (p<0.001). Compared with SJL 3 students, SJL 1 students showed a significantly higher male rate (p<0.001) and had a shorter WeSD (p<0.002), a shorter WeScT (p<0.001), an earlier WeBT (p<0.001), a later WdAwT (p<0.001), an earlier WeAwT, and more PA (p<0.02).
DISCUSSION
Regarding the validity of self-reported AP, although its limitations have recently been indicated [13] , selfreported grades and scores are generally taken to be accurate [14] and are widely used as measures of student performance in studies of educational outcomes and interventions [15] [16] [17] . Therefore, in the current study, self-reported AP was used as a significant measure.
In the present study, better self-reported AP was associated with female gender. For more than 100 years, girls have been found to perform better than boys in reading and spelling [18, 19] , and boys in mathematical areas [20, 21] . Recently, based on the Programme for International Student Assessment conducted by the Organization for Economic Cooperation and Development, Stoet and Geary [22] concluded that girls' overall achievement (across mathematics, reading, and science) exceeds that of boys'. The current results are consistent with this report.
The current study demonstrated that the higher the grade, the poorer the self-reported AP. Self-reported AP is affected by students' character [13] . Self-esteem, one of the personality characteristics, is known to be high in young children but to decline over the course of childhood into adolescence [23] . Thus, self-reported AP might decline with age progression during childhood and adolescence. This age-related assumption is consistent with the present grade-related increase of students with poor self-reported AP.
Although the variability of the length of sleep from person to person and from night to night is quite high [24] , the mean WdSD of the present students was shorter than the recommendation of the Centers for Disease Control and Prevention [25] (6-12 years old, 9-12 hours; 13-18 years old, 8-10 hours), although the mean WeSD of ES and JHS students exceeded the shorter recommendation levels of 9 hours and 8 hours, respectively. It is obvious that the total weekly SD of our students did not reach the shorter recommended level. It is assumed that they are at risk for sleep shortage. Insufficient sleep causes various brain dysfunctions in both adults and children [26] . It is also associated with behavioral, cognitive, and physical problems [27] [28] [29] , as well as obesity through not only SJL was categorized into five groups according to their distribution: -1 or less (SJL 1, n=19), more than -1 and 0 or less (SJL 2, n=452), more than 0 and 1 or less (SJL 3, n=1082), more than 1 and 2 or less (SJL 4, n=459), more than 2 (SJL 5, n=102). ANOVA revealed that self-reported AP was significantly different among SJL 1 to 5, and a t test revealed significant differences of self-reported AP values between the SJL 3 group and both the SJL 1 and SJL 5 groups. AP, academic performance; SJL, social jet lag; N, number.
hormonal alterations [4] but also a decrease in the activity of the human frontal cortex, combined with a converse amplification of activity within the amygdala [30] . Sleep loss is also known to decrease activity of the prefrontal cortex [31] . Sleep shortage is assumed to be associated with functional brain alteration. Insufficient sleep-induced obesity could result in the occurrence of metabolic syndrome, even in children [32] . Consistent with my hypothesis, the present study showed that self-reported AP is associated with BMI: the higher the BMI, the poorer the self-reported AP. Similarly, poorer self-reported AP was found to be associated with more constipation, more skipping breakfast, and longer WeScT.
Although longer WeScT, presumably reflecting sedentary behavior, was associated with poorer selfreported AP, PA showed no significant association with self-reported AP, in contrast to former reports [1] [2] [3] . Interestingly, more than 20% of the total students who responded were found to be implicated in PA seven days a week ( Table 3 ). I am afraid that the advantage of PA has been emphasized too much, resulting in failure to secure enough SD.
Urrila et al. [33] reported that a shorter time in bed during weekdays and longer weekend sleeping hours correlate with smaller brain gray matter volumes in the frontal, anterior cingulate, and precuneus cortex regions. According to Taki et al. [34] , the regional gray matter volume of the bilateral hippocampal body was significantly positively correlated with WdSD. Sleep shortage during weekday are assumed to be associated with morphological brain alteration. Indeed, the present study demonstrated a significant association between earlier WeAwT and better selfreported AP. Interestingly, the Ministry of Education, Culture, Sports, Science and Technology of Japan [35] reported that more than two hours' difference in wakeup time on a holiday and a weekday is associated with poor AP. Needless to say, AP obviously reflects a sort of brain activity that is assumed to be affected by morphological change. It could be assumed that late WeAwT might reflect sleep shortage on weekdays and might produce poor AP through functional brain deficit.
In the current study, more than a quarter (26.5% (561/2114)) of whole students were categorized into SJL 4 and 5, who had a SJL of more than 1 hours. SJL [9] has been paid attention recently and is known to be associated with variable problems [36] [37] [38] [39] , especially among those who had a SJL of more than 1 hour [37] . Consistently, the current study revealed that the mean self-reported AP of SJL 3 was better than that of SJL 4 and 5 (Figure 1) . In comparison with SJL 3 students, SJL 5 students were found to have a longer screen time, a later bed time, and a shorter WdSD, resulting in a later WeAwT with a longer WeSD. A later bed time might also be affected by attending preparatory schools or variable types of club activities after school, although the present study failed to obtain data on it. It is difficult to determine that the high positive SJL values were due to a voluntary late bed time (= increase of screen time, etc) or to an involuntary/forced late bed time (= increase of duties). However, I would like to emphasize again that not only the self-reported AP of SJL 3 but also breakfast and bowel habits of SJL 3 were better than that of SJL 5.
In addition, the mean self-reported AP of SJL 3 was better than that of SJL 1. To my knowledge, few descriptions have been made on negative SJL values. Interestingly, SJL 1 students had a higher PA value than SJL 3 students. SJL 1 students in the present study might be forced to wake up early in the weekend morning to practice PA, resulting in suffering from sleep loss and poor self-reported AP.
No objective AP data were available in the current study. This is one of the limitations of the present study. However, it is worth noting that unfavorable selfreported AP, which reflects a sort of brain activity, was significantly associated with various lifestyle habits, such as skipping breakfast, constipation, and long screen time during the weekend, in addition to male gender, higher grade, sleepiness, and higher BMI. Sleepiness and higher BMI could be taken as results of daily lifestyle habits, and long screen time is assumed as a sedentary behavior. Thus, the current results could be interpreted that brain activity assessed by self-reported AP was affected by a broad area of lifestyle habits of essentially required human behaviors, such as sleeping, eating, defecation, and exercise (PA). Sleeping, eating, defecation, and PA are essential human behaviors accompanied by pleasant feelings. The association of pleasant feelings with these behaviors might suggest that these behaviors are essentially important for the life of human beings. The current study may reveal that these indispensable human behaviors are associated with brain activity, assessed by self-reported AP. To improve AP and properly activate brain activity, we should ensure that children perform the indispensable human behaviors of sleeping, eating, defecation, and PA.
CONCLUSION
Self-reported AP was associated with BMI, sleep, breakfast, defecation, screen time, and PA in children in grades 5 to 12 in Japan. We should ensure that children take enough time to perform the indispensable human behaviors of sleeping, eating, defecation, and PA.
